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Excitec  state  interactions  of  luminescent  rutheniumdl ) 
complexes  with  laser  dyes  are  being  studied.  Novel 
experimental  tools  including  an  ultra  high  accuracy  quantum 
counter  comparator,  a microcomputer  controlled  nanosecond 
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risttlm*  boxcar  integrator,  a luminescent  wavelength  shifter 
method  for  correcting  for  the  wavelength  dependence  of 
phototube  transit  times  in  decay  time  measurements,  and  a step 
excitation  method  for  studying  reversible  excited  state 
electron  transfer  have  been  developed  to  facilitate  these 
studies.  Energy  transfer  from  the  tris(2,2'-bipyridine)- 
ruthenium(ll)  complex  to  a variety  of  rnodamine  and  oxazine 
laser  ayes  have  been  demonstrated  in  both  homogeneous 
solutions  and  in  micellar  assiatea  ones.  In  favorable  oases 
energy  transfer  efficiencies  from  the  charge  transfer  (CT) 
sensitizing  state  of  the  Ru(ll)  complex  to  the  singlet  state 
of  the  laser  dyes  exceed  OOSk.  To  date  energy  transfer  appears 
to  be  dominantly  by  a Forster  resonance  mechanism.  In  the 
micellar  cases  the  aye  and  complex  are  brought  so  closely 
together  that  contact  quenching  of  the  excited  dye  singlet 
state  can  occur.  Applications  of  these  systems  to  new  binary 
laser  dyes  are  under  stuay. 
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b.  Kesearch  Objectives. 

1.  To  study  excited-state  properties  ol'  luminescent  transition 
metal  complexes  and  their  excited  state  interactions  with  laser  dyes. 

k.  To  study  tne  mecnanisms  of  energy  transfer  between  metal 
complexes  anu  laser  dyes. 

j.  To  utilize  energy  transfer  between  metal  complexes  and  laser 
dyes  in  order  to  develop  new  ano  improved  binary  laser  dye  systems 
with  enhancea  stability,  efficiency  and  narrower  line  widths. 


C.  Status  of  tne  Kesearch  tffort 


wine  papera  j.nd  one  Pii.b.  thesis  have  been  completed  whicii 
acKnowlecge  AF03K  support.  A tiblionraphy  is  attached  and  manuscript 
copies  or  reprints  of  the  papers  have  already  been  forwarded  to  tlie 
akojk. 


iiiese  papers  include  tne  i'ollowinr:  development  of  a large 
area  bolometer  and  recalioration  ot  tne  rhodan.ine  U quantum  counter 
(k);  development  of  a new  design  ol  manual  high  accuracy  relative 
quantum  yield  comparator  and  preliminary  calibration  of  a series  of 
new  luminescent  quantum . counters  ( 'S)i  design  and  construction  of  a new 
subnanosecond  risetiir.e  microcomputer  controlled  nanosecond  boxcar 
integrator  for  luminescence  decay  time  measurements  (<J); 
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raversibie  excited-state  electron-transfer  processes  (.M);  a review  of 
the  experimental  approaches  used  to  study  reversible  excited-state 
electron-transfer  reactions  (]}.  We  have  also  developed  a new  approach 
to  correction  of  phototube  transit  time  artifacts  in  fast  decay  time 
measurements,  and  we  have  used  it  to  show  that  the  slow  rise  times  of 
Kh(lll)  complexes  reported  in  the  literature  are  in  error  by  over 
three  oroers  of  niaRnitude  (fi);  and  we  have  discovered  and 
Characterized  a novel  excited  state  inversion  in  the  excited-state 
acid-base  reactions  of  ruthenium( 11 } complexes  (6).  We  have  also 
demonstrateu  the  remarkable  result  that  only  the  dC-dllmine 
functionality  is  required  in  the  ligands  to  yield  charge  transfer  (CT) 
luminescence  of  platinum  metal  complexes  (o).  Tnis  work  provides 
impetus  for  our  continucc  development  of  an  entirely  new  class  of  CT 
photosensitizers.  Using  our  newly  oeveioped  quantum  counter 
comparator,  we  have  answerec  definitively  the  incorrect  suggestions 
that  the  "intersy stem  crossinr,"  yields  of  ruthenium(ll) 
photosensitizers  are  subunity  (7).  These  works  supply  us  with  the 
experimental  tools  and  new  cheii.ical  systems  for  carrying  out  our 
project  as  well  as  eliminating  from  consioeration  the  potentially 
bothersome  slow  "intersystem  crossinr,"  relaxation  pathway  in  our 
work. 

A primary  thrust  of  our  project  is  the  energy  transfer  from 
luminescent  itudi),  us(Il),  and  Ir(lIX)  photosensitizer  to  organic 
laser  uyes.  we  nave  succeeded  in  demonstratinr  efficient  energy 
transfer  quenching  of  tne  charge  transfer  excited  state  of 
tris(2 '-olpyridine )ruthenlum,  t ku(bpy ) . ]^^ , by  a variety  of 
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oxazine  and  rnodamine  laser  dyes.  This  transfer  has  been  shown  to 
occur  at  low  uonor-acceptor  concentrations  in  aqueous  solutions  of  the 
micelle  forming  surfactant  sodium  lauryl  sulfate  (NaLS)  and  at  higher 
concentration  in  nomogeneous  alcohol  solutions.  In  the  micelle 
experiments  both  [hu(bpy)^J  and  dyes  are  10  M and  the 
micelle  forming  UaL^  is  required  to  bring  the  donor  and  acceptor 
together.  In  favorable  cases  very  efficient  (>80‘il)  singlet  energy 
transfer  from  tne  [HuCbpy^]^^  to  the  dyes  occurs.  This  result 
also  justifies  our  original  proposition  that  these  metal  complexes 
would  be  efficient  optical  energy  receivers  for  pumping  of  laser  dye 
systems . 

Currently  our  work  is  devoted  primarily  to  determining  the 
mechanlsm(s)  ana  efficiencies  of  this  singlet  energy  transfer  between 
metal  complexes  ana  ayes,  because  of  the  strong  absorbances  of  the 
uyes,  these  measurements  have  been  exceptionally  difficult  and  have 
necessltatea  the  design  and  construction  of  a very  efficient  computer 
controlled  counter  comparator.  On  the  basis  of  the  results, 

wnicii  we  are  currently  evaluatingi  long  range  F&Vster  transfer  is  the 
douinant  energy  transfer  mecnanisiii  in  homogeneous  solutions, 
blffusional  motion  is,  however,  useful  in  aiding  the  transfer  by 
bringing  otherwise  non-interacting  molecules  close  enough  together  for 
transfer . 

liicelles  can  exhibit  contact  phenomena  which  is  clearly  shown  by 
the  weak  quenching  of  some  dyes  by  the  ruthenium( II ) complexes, 
because  exothermic  energy  transfer  is  not  possible,  we  believe  that 
this  quenching  may  arise  from  micellar  catalyzed  contact  excited-state 
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electron  transfer.  Our  excited  state  electron  transfer  neasuring 
Instrument  may  be  useful  for  resolving  and  quantitating  these 
effects. 

Once  we  have  characterized  the  best  systems  for  efficient  energy 
transfer  and  minimization  of  electron  transfer  quenching,  we  will  be 
prepared  to  carry  out  actual  laser  dye  tests.  For  nitrogen  laser 
pumping  the  more  concentrated  homogeneous  mixture  will  be  most 
appropriate.  For  flash  lamp  pumped  lasers,  either  some  of  the  more 
efficient  homogeneous  systems  or  low  concentration  micellar  assisted 
ones  are  likely  candidates. 
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F.  Interactions  (talks  presented  oy  J.  H.  Demas). 

1.  "New  Laser  Dye  Systems"  at  "Meeting  on  Laser  Dye 
Lifetime  Studies".  Wright-Patterson  Air  Force  Base. 
September  7,  197S.  A meeting  of  Air  Force  and  Navy 
researchers  in  laser  dyes  sponsored  by  the  AFOSR. 

2.  "Excited-State  Electron-Transfer  Reactions  of 
Transition  Metal  Complexes",  with  B.  A.  DeGraff  and 
b.  G.  Taylor.  Savannah  ACS,  November  10,  1576.  In- 
vited talk  in  the  section  on  Chemical  Conversion  and 
Storage  of  Solar  Energy. 


